The objective of the present study was to investigate the accumulation of nutrient elements in the root zone, nutrient uptake, changes in substrate's electrical conductivity, 
INTRODUCTION
Soilless cultivation of vegetables contributes higher yield and better quality crops due to good control of the plant growth and development. However it requires optimal climatic and nutritional conditions in the greenhouses. Soilless grown plants initially cultivated in open systems which allow drain out the excess nutrient solution. However recent environmental regulations against ground water and soil pollution restrict using of open systems. In some countries governments force the greenhouse growers to change the soilless systems from open to closed one. In closed systems excess nutrient solution is recycled and reused for fertigation. The recycling of the nutrient solution brings some problems. Accumulation of some minerals may results bad-balanced nutrition, toxiClties, mineral defiClenCles and nutrition abnormalities. This accumulation may occurs when water used to prepare nutrient solution has high NaCl, bicarbonates, Ca and Mg. Also sulfates from the fertilizers which are added to the nutrient solutions can influence this accumulation.
The soilless cultivation of the vegetables in Turkey being expanded and number of the greenhouse used this technique increasing every year. Now a day most of the growers use open systems with substrate culture but we believe in the next future, they will have tendency to change the systems into the closed one. Our objective was to examine the effect of the recycling nutrient solution on root zone (substrate) mineral concentrations, plant nutrient uptake, growth, yield and water use of tomato plants.
MATERIAL AND METHODS
Ferrari F 1 tomato seedlings transplanted in to the greenhouse at 10.26.2003 at the four -to five-leaf stage. 10 liters of perlite per plant was used as substrate. Planting 400 density was 2.5 plant/m 2 . A plastic container with 33 liter volume is used for two plants and 5 containers with 10 plants create an experimental plot of open or closed system treatments with four replicates. The drainage holes were at the bottom of the containers and the drainage solution collected from all of the replicates and transferred into the main nutrient tank for closed system and to the out of the greenhouse for the open system. Plants were fertilized with a complete nutrient solution changing according to leaf analyze results. Table 1 shows the nutrient composition of the nutrient solution for all of the growing period.
Plants were irrigated by calculating the plants' daily water need according to Cevik (2002) . Daily water loss from a 100 ml liter glass pot is measured and plants daily water need calculated according to following formula; U = f (1.486 E -2.051) where; U : Daily water need (mm / m 2 ) f : plant height (cm) E : daily evaporation from the 100 ml glass pot (ml) The glass pots were placed between the plants on a 120 cm high table. The pots which were full of pure water weighted everyday with a 0.00 sensitive scale to determine the daily water loss. Also plant height measured frequently to determine current plant height.
All of the pruning waste's fresh weights were determined. At the end of the season total plant's fresh weight were determined. Also plant height, number of leaves, number of clusters and diameter of the stem between 2 -3. leaves were determined with 30 days intervals. Fruits were harvested from 5 fruit clusters between 04.03.2004 with 18.05.2004 and classified into two quality groups.
In closed system reusing of the nutrient solution was applied according to mixing drainage and the original nutrient solution for a constant volume. When the EC of recycling solution reached to 4.5 dS/m, the nutrient solution was renewed. Substrate analyzed for nutrient elements, EC and pH values within 15 days intervals. NO 3 , NH 4 , SO 4 , PO 4 , Cl, Fe, Cu, Mn, Zn, Mg and K contents of the substrate were determined. Foliar analyses were also done 30 days intervals for Cu, Mn, Fe, Zn, Mg, K, P, N and Ca.
In order to determine EC, pH and nutrient concentrations of the substrate, water extraction method was used with a ratio of 1:2 (v/v) perlite:water (Gabriëls and Verdonck, 1991; Reed, 1996) . NO 3 -N concentration was determineted by the distillation of the substrate extract with MgO and Devarda alloy, SO 4 and PO 4 concentrations were determinated by the colorimetric methods according to Tan (1996) . The levels of other nutrients in the extraction, K, Ca, Mg, Fe, Mn, Zn, Cu and Na, were determined by the atomic absorption spectrometry. In order to determine chloride concentration of the substrate the extraction was titrated with AgNO 3 , this method modified from Johnson and Ulrich (1959) .
After ashing at 550 o C for about 10 h and dissolving the ash in 3.3 % HCL, the concentrations of K, Ca, Mg, Fe, Mn, Zn, Cu, Na in leaves were determined by atomic absorption spectrometry. Nitrogen in plants was determined by Kjeldahl method. For chloride analysis in plant tissue modified method from Johnson and Ulrich (1959) was used.
RESULTS AND DISCUSSION

Ion Accumulation
SO 4 levels of the substrates showed that there was no accumulation in the open and closed sytems (Fig. 1) . During the cultivation period, SO 4 concentrations of substrates in the both systems changed from 0.55 to 1.87 mmol. High accumulation of the sulfate in the substrate was not detected against the previous reports (Zekki et al., 1996; Savvas, 2000) . Sodium level in open sytem was around 5 mmol and almost stable during the cultivation period. However in recycling system it increased gradually from 5 mmol to 10 mmol by the weeks and 57% to 94% more Na determined than open system (Fig. 1) . Sodium was not added with fertilisers into the systems, the content of the tab water (1.4 mmol or 31.3 ppm) used in the experiment to prepare nutrient solution could be a reason of Na occurance in the substrates (Savvas and Lenz, 2000) . Göhler and Drews (1989) reported that < 3.0 and <1.3 mmol l -1 Na are the optimal values of water used to prepare nutrient solution in open and closed systems, respectively. Although the irrigation water do not contained high Na, plant analysis showed 0.67 % and 0.66 % Na as the mean of 24 weeks in open and closed sytems, repectively (Table 2 ). These Na concentrations were similar to the plants which grown under 50 mM NaCl salinity (Guartero et al., 2002) . The authors reported 0.63 % an 0.23 % Na in the 5 th leaves from the apex of tomato plants grown 50mM and 0 mM NaCl conditions.
Chloride was not incorporated to the systems for nutrition of tomato plants. As in the case of the Na, it probably came from the tap water. Optimal Cl values of the water were reported to be < 2.8 and <1.0 mmol l -1 for open and closed systems (Göhler and Drews, 1989) . Chloride concentration of the both open and closed systems was gradually increased; however it was 62% to 123% higher in recycling of nutrient solution ( Figure  1 ). Concentration of the tab water used which was 2.3 mmol could be a reason of Cl occurance in the substrates (Savvas and Lenz, 2000) . The mean Cl concentrations of the substrate were 2.8 and 5.3 mmol and the highest concentrations were 3.6 and 6.7 mmol in open and closed systems, respectively. Benoit and Ceustermans (1994) indicated 3.0 to 6.5 mmol CL in the substrates of recycled polyurethane and Pinus silvestris fibre mats in open system tomato cultivation during the period of February until half May.
Differences of Ca levels of the substrates in open and closed systems were not large and recycling of the nutrient solution had 13 % to 36 % more Ca during the cultivation (Fig. 1) (Table 2) .
Potassium concentrations of the substrates and plant leaves indicated that there is no accumulation either open or closed systems and plants needed more K ( Fig. 1 and Table 2 ). The original nutrient solution contained 2.81 to 7.78 mmol (110 to 304 ppm) K and tab water content was almost zero (0.04 mmol K). The mean K concentrations in the subststates were 5.2 and 6.2 mmol and the highest concentrations which reached at the last two weeks were 13.2 and 15.3 mmol in open and closed systems, respectively. Leaf K concentrations were 2.7 % and 2.5 % for open and closed systems and these values indicate that tomato plant did not adequately fertilised and they need more K under this circumstances (Table 2) . Sonneveld (1991) reported 7.0 mmol K in rockwool slabs in open culture of tomato when the supplied solution contained 8.75 mmol (342 ppm) K.
The original nutrient solution contained 1.65 to 2.47 mmol (40 to 60 ppm) Mg and tab water content was 0.73 mmol Mg (17.8 ppm). The mean Mg concentrations in the substrates were 8.5 and 9.4 mmol and the highest concentrations which reached at the last two weeks were 10.76 and 10.72 mmol in open and closed systems, respectively. The closed system had 4% to 24% more Mg during the cultivation. Sonneveld (1991) reported that when the supplied slotion had 2.0 mmol (48 ppm) Mg, the content of the rockwool slabs fertigated as open system was 3.5 mmol (85 ppm) Mg. In fact we can mention moderate Mg accumulation not only in closed system but also in open system. Because in our experimental conditions, the original supplied solution Mg concentration (mean 2 mmol or 50 ppm) might be higher due to the tap water Mg concentration (0.73 mmol or 17.8 ppm). Leaf analysis showed that tomato plants were adequately fertilized by Mg (Table 2) .
NO 3 -N levels changed 13 to 25 mmol and 18 to 29 mmol in open and closed systems, respectively (Fig. 1) . The tap water used to prepare nutrient solution had 6 mmol NO3-N. The original nutrient solution NO 3 -N concentration was 9.13 to 15.14 mmol (128 to 212 ppm) during the cultivation. Sonneveld (1991) reported that when the supplied solution had 13.75 mmol (193 ppm) NO 3 -N, content of the rockwool slabs fertigated as open system was 17 mmol (228 ppm) NO 3 -N. In our experimental conditions NO 3 -N accumulation in the both systems substrates did not occurred. The closed system during the 26 weeks had only %17 (mean value) more NO 3 -N than the open system. Leaf analysis showed that tomato plants were adequately fertilized by N ( Table 2) .
H 2 PO 4 -P concentrations in the substrates were changed from 1.0 to 8.7 mmol and 1.8 to 11.0 mmol in open and closed systems, respectively. The recycling of the nutrient solution had 27 % to 72 % more H 2 PO 4 -P (Fig. 1 ). The original nutrient solution H 2 PO 4 -P concentration was 1.65 to 2.29 mmol H 2 PO 4 -P (51 to 71 ppm) during the cultivation. Sonneveld (1991) reported that when the supplied solution had 1.75 mmol (39 ppm) H 2 PO 4 -P, concentration of the rockwool slabs fertigated as open system was 0.7 mmol (22 ppm). The closed system during the 26 weeks had % 56 (mean value) more H 2 PO 4 -P than the open system. In our experimental conditions H 2 PO 4 -P accumulation in the recycling of nutrient solution was occurred. Leaf analysis showed that tomato plants were adequately fertilized by H 2 PO 4 -P ( Table 2) .
The original nutrient solution contained 57.24 µmol (3.2 ppm) Fe and substrates iron concentrations changed from 24 to 44 µmol and 14 to 74 µmol in open and closed systems, respectively (Fig. 2) . Although the original nutrient solution contained 15 µmol (0.8 ppm) Mn, the substrates Mn concentrations changed from 7.0 to 23 µmol and 3.0 to 34 µmol in open and closed systems, respectively (Fig. 2) . The original nutrient solution Zn concentration was 4.59 µmol (0.3 ppm). The mean Zn concentrations of the substrates in open and closed systems were 17.8 and 21.1 µmol. Cupper concentrations in the substrates during the cultivation were changed from 3.8 to 46.9 µmol and 2.9 to 57.5 µmol in open and closed systems, respectively. The original nutrient solution contained 3.1 µmol (0.2 ppm) Cu. In the substrate of recycling nutrient solution, especially in the last weeks of the cultivation slight micro nutrient accumulations were indicated for Zn > Mn > Cu. Leaf analysis for the micro elements (Fe, Mn, Zn and Cu) showed that in the both systems, plants concentrations were in the lower limit of optimal range for Fe, Mn and Cu. However zinc leaf concentrations showed adequate nutrition of tomato plants (Table 2) .
pH Change pH values changed from 5.4 to 6.1 and 5.7 to 6.5 during the 26 weeks in the open and closed systems substrates, respectively. The target pH value of the supplied nutrient solution was 5.5 to 6.0 (Fig. 3) .
EC Change
EC values changed from 0.9 to 3.0 and 1.1 to 4.8 during the 26 weeks in the open and closed systems substrates, respectively. The target EC value of the supplied nutrient solution was 2.2 to 3.0 (Fig. 3) .
Plant Growth and Development
Plants growth parameters (plant height, leaf number, stem diameter, fruit cluster per plant) investigated showed that there were no significant differences between open and closed systems. However tomato plants grown in the open system had 9.7 % higher fresh biomass weight than those grown in the closed system (Fig. 4) .
Yield
Total tomato yields were 6.87 and 5.99 kg/m 2 , the first quality class tomato yields were 3.54 and 2.43 kg/m 2 in open and closed systems respectively. Total tomato yield 12.8 % and the first quality class tomato yield 31 % were higher in the open system than closed one (Fig. 5) .
Nutrient Solution Use
During the cultivation season 252.5 and 90.3 liters per plant nutrient solutions were used in open and closed systems, respectively. Tomato plants grown in the open system used 36 % more nutrient solution than those in the closed system (Fig. 6) .
CONCLUSION
In our experimental conditions, the concentrations of the tab water for Na, CL, Ca and Mg caused moderate to important accumulations of these minerals especially in closed system. SO 4 , NO 3 -N and K accumulations were not determined in the both system's substrates. Moderate accumulation can be mentioned for H 2 PO 4 -P. Micro nutrient's accumulations were not important. 
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